abstract BACKGROUND AND OBJECTIVES: Extremely preterm infants and infants born to adolescent mothers are at risk for adverse developmental. The objectives were to evaluate development and behavior outcomes of extremely low birth weight (ELBW) infants born to adolescent mothers ,20 compared with adult mothers $20 years and to identify socioeconomic risk factors that affect outcomes.
WHAT'S KNOWN ON THIS SUBJECT: Infants born extremely premature and infants born to adolescent mothers are at risk for adverse developmental and behavior outcomes. There is limited research on the dual risk imparted to infants born extremely premature to adolescent mothers.
WHAT THIS STUDY ADDS:
Extremely premature infants of adolescent mothers have significantly increased rates of behavior problems. Nonwhite race and living in $3 places by 18 to 22 months of age are risk factors for adverse behavior outcomes among infants of adolescent mothers. Infants born extremely preterm and to adolescent mothers are at increased risk for adverse developmental outcomes. Although survival of extremely low birth weight (ELBW) infants has improved, the rates of many neonatal morbidities and developmental impairment have remained unchanged or only minimally improved. 1, 2 ELBW infants have high rates of adverse cognitive and language outcomes that persist through school age. [3] [4] [5] [6] [7] Infants of adolescent mothers also have adverse developmental outcomes on a variety of measures. [8] [9] [10] There is limited research on the combined risk of extreme prematurity and having an adolescent mother. A large body of literature indicates that socioeconomic status (SES) influences development. The construct of lower SES is multifaceted and includes maternal race, age, ethnicity, marital status, education, income, and medical insurance. These factors have been consistently associated with adverse developmental outcomes 11 and are imbedded within the context and risks for adolescent pregnancy. 12 There are multiple coexisting socioeconomic and biologic factors that place extremely preterm infants of adolescent mothers at increased risk for adverse developmental and behavioral outcomes. Previous studies of extremely preterm infants have not explored the unique social risks of adolescent motherhood and previous studies of infants of adolescent mothers have not included extremely preterm infants. This study investigates the relationships between adolescents' complex social environments and the developmental and behavioral outcomes of their extremely preterm infants at 18 to 22 months corrected age. The objectives of this study were (1) to evaluate the cognitive, language, and behavior outcomes of extremely preterm infants born to adolescent mothers (,20 years) compared with extremely preterm infants born to older mothers ($20 years), and (2) to explore the unique social and home constructs of infants with adolescent mothers and the influences of these environmental factors on developmental and behavioral outcomes. It was hypothesized that extremely preterm infants born to adolescent mothers have (1) poorer Bayley Scales of Infant Development3rd Edition (BSID-III) cognitive and language scores, (2) increased rates of neurodevelopmental impairment (NDI), and (3) increased behavior problems at 18 to 22 months, and that adolescent mothers would be more likely to have social and environmental factors that are associated with adverse outcomes than mothers $20 years.
METHODS
This was a retrospective cohort analysis of data previously collected from the Eunice Kennedy Shriver National Institute of Child Health and Human Development's (NICHD) Neonatal Research Network (NRN) Generic Database and Follow-Up studies. Infants born in participating NRN hospitals at ,27 weeks' gestation from January 1, 2008 , to June 30, 2011 , and who underwent comprehensive neurologic and developmental assessments at 18 to 22 months corrected age were included in the study. Infants with major congenital anomalies or syndromes associated with adverse developmental outcomes were excluded. All maternal and neonatal data and outcomes were prospectively collected in the NRN generic database by trained research personnel. Centers participating in the NRN each receive institutional review board approval for data collection.
At 18 to 22 months corrected age, a comprehensive neurodevelopmental assessment, including a complete neurologic examination and BSID-III, was performed by certified examiners. 7, 13 The BSID-III is a standardized test for children 1 to 42 months that includes scaled and composite scores, percentile ranks, and age equivalents (with confidence intervals [CIs]) for cognitive, language, and motor scores. Composite scores have a mean of 100 and an SD of 15. The language and motor composite scores are further divided into expressive and receptive language as well as gross and fine motor subsets. Each subset has a mean of 10 and an SD of 3, with individual age equivalents. 13, 14 The Brief Infant Social Emotional Assessment (BITSEA) is also conducted at 18 to 22 months. The BITSEA includes a Problem Scale (BITSEA/P) with 31 items and a Competence Scale (BITSEA/C) with 11 items. Each item has 3 response possibilities: 0, "not true/rarely true"; 1, "sometimes true/sometimes"; and 2, "very true/often." Higher total scores on BITSEA/P reflect increased behavior and social problems and lower scores on BITSEA/C reflect lower levels of competence. 15 The primary study outcomes were BSID-III composite cognitive and language scores. Secondary outcomes were BITSEA scores, NDI (moderate to severe cerebral palsy with Palisano Gross Motor Function Classification Scale $2, walks without assisted devices but with limitations walking outdoors), 18-to 22-month growth parameters and rates of rehospitalization. 16 Infants were grouped according to maternal age (cohort 1 = infants/adolescent mother ,20 years, cohort 2 = infant/ adult mother $20 years). The cut point of 20 years was used be consistent with the Centers for Disease Control and Prevention's definition of teen pregnancy and previous NRN reports. 17, 18 Baseline maternal, infant, and social characteristics and 18-to 22-month outcomes were compared between groups; x 2 tests were used for categorical variables and t tests for continuous variables. Regression models were used to compare relative risk (RR) of adverse outcomes at 18 to 22 months, controlling for infant and maternal characteristics that varied significantly between groups. The models were run on the total study cohort and adolescent mothers only. The following outcomes were analyzed: (1) BSID-III language composite ,70 and ,85, (2) BSID-III cognitive composite ,70 and ,85, (3) NDI, (4) BITSEA/P $ 75th percentile, and (5) BITSEA/C #15th percentile. In cases in which control variables were highly related or overlapped, only 1 control variable was included to avoid overestimation problems due to multicollinearity. All analyses were conducted by using SAS version 9.3 (SAS Institute, Inc, Cary, NC). The available sample sizes (n = 211 for adolescent mothers and n = 1723 for nonadolescent mothers) provide at least 80% power for detecting a small difference (h = 0.20) in proportions of children having adverse outcomes across the 2 groups at a P value of .05. 19 
RESULTS
A total of 3790 infants born at ,27 weeks' gestational age were admitted to NRN centers between January 1, 2008, and June 30, 2011 . Derivation of the study cohort is shown in Fig 1. There were no significant differences between rates of death before or after discharge, loss to follow-up, or insufficient follow-up. The analyses included 1934 infants with BSID-III scores at 18-to 22-month follow-up visit; 211 (10.9%) were infants of adolescent mothers. Table 2 . Infants and their adolescent mothers were more likely to have public insurance or be uninsured and less likely to have private insurance. Infants of adolescent mothers were significantly more likely to have received special services from a visiting nurse or social worker, to be under state supervision, and to have lived more places since discharge. Adolescent mothers were less likely to be married and to not be the primary caretaker at 18 to 22 months. Infants of adolescent mothers were more likely to have grandparents or nonrelatives as primary caretakers or to be in congregate care. Infants of adolescent mothers were significantly less likely to live in 2-parent households and were more likely to live in households with biologic parent(s) in an extended family or in households without a biologic parent. Table 3 shows 18-to 22-month child outcomes. There were no significant differences between groups in BSID-III cognitive, language, and motor composite scores (mean score, composite ,70 or ,85) or NDI. Infants of both adolescent and older mothers had high rates of language composite scores ,85 (adolescent 56%, adult 49%, P = .07) and receptive language scores ,7 (adolescent 47%, adult 40%, P = .08). Infants of adolescent mothers had higher BITSEA/P scores (mean 14.8 vs 12.1, P , .001) and BITSEA/P scores $75th percentile (50% vs 32%, P , .001) than infants of adult mothers. Infants of adolescent mothers had similar weight and length but significantly smaller head circumferences and increased rehospitalization compared with infants of older mothers at 18 to 22 months. Table 4 shows regression analysis of the total study cohort controlling for infant and maternal characteristics that varied across groups. Children of adolescent mothers were significantly more likely to have BITSEA/P scores $75th percentile (RR 1.47, 95% CI 1.06-2.04). Cognitive, language and motor scores and NDI did not vary significantly by maternal age after controlling for other factors. Cesarean delivery was associated with increased risk of language composite ,70 and public insurance with increased risks of cognitive and language composites ,85, BITSEA/P $75th percentile and BITSEA/C #25th percentile. Nonwhite race imparted an increased risk of language composite ,85 and decreased risk of motor composite ,70. Antenatal steroids were protective with lower rates of adverse cognitive, language, and BITSEA/P scores. Living in $3 places since discharge increased risks of BITSEA/ P $75th percentile, whereas living in 2 places was associated with lower rates of adverse language scores. State supervision imparted increased risks of adverse cognitive, language, and motor scores and NDI. In regression analysis of adolescent mothers only (Table 5) , cesarean delivery and prolonged ROM were associated with increased likelihood of language composite ,70. Antenatal steroids were protective, resulting in lower rates of language and motor composites ,70, NDI, and BITSEA/P scores $75th percentile.
Household composition, public insurance, or being cared for by a babysitter was not predictive of any composite BSID-III, NDI, or BITSEA scores. Adverse BITSEA/P scores were significantly more likely among infants with nonwhite race (RR 2.43, 95% CI 1. 13-5.22 ) and having lived in more than 3 places since discharge (RR 3.04, 
DISCUSSION
This study was designed to assess the dual developmental risk for extremely premature infants born to adolescent mothers and to explore the developmental influences of the complex social environments of adolescent mothers. There has been limited research examining the developmental risk of prematurity and having an adolescent mother. In 1980, Field et al 9 examined 4 motherinfant dyads within a population of low SES black women: preterm infant-adolescent mother (one-half randomized to home-based parenttraining intervention arm, one-half control arm), preterm infant-adult mother, term infant-adolescent mother, and term infant-adult mother. At 8 months of age, preterm infants of adolescent mothers in the control arm had the lowest Bayley Mental Development Index (MDI) scores (101) compared with preterm infants with adolescent mothers in the intervention arm (MDI 110), preterm infants with older mothers (MDI 111), and term infants with any aged mother (MDI 113.5) . In a report of NRN data focusing on neurodevelopment outcomes relative to higher maternal age, Vohr et al 17 found an increased incidence of NDI or death in ELBW infants of adolescent mothers at 18 to 22 months corrected age (68% ,20 years old versus (24) 407 (24) .99 3+
23 (11) 864 (50) ,.001 Chorioamnionitis, n (%) 41 (19) 341 (20) .89 Singleton pregnancy, n (%)
179 (85) 1323 (77) .008 Prenatal care (at least 1 visit), n (%)
200 (95) 1656 (96) .31 Cesarean delivery, n (%)
108 (51) 1149 (67) , .001 PPROM (ROM .18 h), n (%)
46 (22) 494 (29) .04 Antenatal steroids, n (%)
177 (84) 1544 (90) .009 PIH/preeclampsia, n (%)
23 (11) 400 (23) , .001 Highest grade completed, n (%)
,.001 a Less than high school 122 (58) 233 (14) , .001 High school graduate 48 (23) 360 (21) .53 Some college 14 (7) 339 (20) , . This is the first report of BSID-III cognitive and language outcomes of extremely preterm infants born to adolescent mothers. Although the BSID-III is currently administered in many follow-up studies of preterm infants, several reports suggest it underestimates cognitive, language, and motor delays. 4 As such, Our findings support our third hypothesis that infants of adolescent mothers have increased behavioral problems compared with infants of older mothers. Infants of adolescent mothers had increased mean BITSEA/P social and emotional scores (mean 14.8 vs 12.1, P , .001, and BITSEA/P scores $75th percentile 50% vs 32%, P , .001). In regression analysis of total study population, having an adolescent mother was an independent predictor of elevated BITSEA/P scores. Historically, infants of adolescent mothers exhibit more hyperactivity, hostility, resistance, and lack of impulse control and adjustment skills. 8, 22 Infant temperament, maternal depression, unwanted pregnancy, and quality of home environment have been found to be statistical predictors of behavioral problems, inattention, and aggression. [23] [24] [25] These same risk factors are embedded in adolescent motherhood. 9, 26 Also, language delays in the first 10 months have been associated with psychopathology at school age, 25 and low levels of adult speech at 1 year predict later diagnosis of childhood behavior and psychiatric disorders. [26] [27] [28] Our regression analysis of the adolescent cohort revealed that nonwhite race and living in 3 or more places predicted elevated BITSEA/P scores. We speculate that nonwhite race and living in 3 or more places may be reflective of unstable home environments that contribute to behavioral issues.
Our findings support our final hypothesis that adolescent mothers have more social and environmental factors that are associated with adverse outcomes than older mothers. A previous report of adolescent mothers found that 73% were single, 57% had not completed high school, 76% had Medicaid, 33% screened positive for depression, and 33% had been reported to child protection service for maltreatment or neglect. 12 We also found increased rates of environmental risks for adolescent mothers, with 74% single, 58% with less than high school education, 86% public insurance/uninsured, 73% nonwhite race, 21% living in more than 3 locations, and 7% with state supervision (The NRN database provides a full spectrum of a variety of home compositions of ELBW infants born to adolescent mothers. Black et al 12 previously reported that among adolescent mothers, 25% of households consisted of 3 generations:
grandmother-mother-child. Our data also show that adolescent mothers are more likely to live within an extended family (39% vs 16%, P , .001) or in a household without a biologic parent (15% vs 4%, P , .001) than older mothers. The effect of coresidence with a grandmother on development has been inconsistent. Most research on the role of family structure suggests that the presence of adults other than the young mother can mitigate the deleterious health, developmental, and psychosocial effects on the child. 29 Regression analyses were performed to determine the RR of adverse outcome imparted by social and environmental factors. Among all extremely preterm infants, nonwhite race, which was more common among adolescent mothers, was associated with language composite score ,85. In regression analysis among adolescent mothers only, none of the household compositions, nonwhite race, public insurance, number of places lived, or being cared for by a babysitter were significant predictors of Bayley scores or NDI. State supervision was more prevalent among infants of adolescent mothers and was an independent predictor of each Bayley score ,70 and NDI.
We found no significant differences in common neonatal morbidities associated with adverse outcomes between the 2 groups. Ninety-five percent of adolescent mothers in this study received prenatal care, and adolescent mothers had fewer biologic risk factors, including cesarean delivery, multiple deliveries, prolonged ROM, and hypertension or preeclampsia. These lower rates of maternal biologic risk factors and similar rates of neonatal risks demonstrate the important influence of social factors on development of infants with adolescent mothers.
There are several limitations to this study, including the retrospective study design. The BITSEA is a parent questionnaire and not a formal (7) 102 (6) .68 Vision impairment (,20:200 bilateral) , n (%)
4 (2) 20 (1) .36 Hearing impairment (require amplification), n (%)
5 (2) 58 (3) .44 Neurodevelopmental impairment, n (%)
38 (18) 311 (18) 58 (27) 495 (29) .69 Language composite score ,85, n (%)
117 (56) 831 (49) .07 Expressive language score ,7, n (%)
81 (40) 623 (38) .47 Receptive language score ,7, n (%)
93 (47) 101 (50) 543 (32) ,.001 Social emotional competencies ,15%ile, n (%) 54 (27) 440 (27) .98 Weight, g, mean 6 SD 10. A major strength of this study is that this is the first study designed to assess the dual risk of extreme prematurity and adolescent mother. It has the benefit of using prospectively collected data on an extremely large cohort of infants within the NRN. Finally, it is the first study reporting Bayley-III unique cognitive and language scores for infants of adolescent mothers.
CONCLUSIONS
Extremely preterm infants of adolescent mothers remain a highrisk population for adverse development outcomes, especially social-emotional and behavior problems. State supervision, as an indicator of abuse and neglect, is prevalent among adolescent mothers and is an independent risk factor for poor outcomes in all developmental domains. The increased use of special services, including social work and visiting nurse, among infants of adolescent mothers, and high rates of early intervention for all extremely preterm infants may mitigate some of the adverse developmental effects of having an adolescent mother. These findings inform the need for comprehensive follow-up and coordinated care services for extremely preterm infants and their adolescent mothers. Future research should focus on behavior intervention strategies for extremely preterm infants of adolescent mothers and to minimize the effects of unstable living environments and factors that contribute to state supervision of infants. had full access to all the data in the study and take responsibility for the integrity of the data and accuracy of the data analysis.
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